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We have developed a unilameltar phospholipid vesicle system which contuins the V-formy! peptide receptor and GTP
binding proteins. Several defergents were investigated but only two, octyl glucoside (35 mM) and deoxycholate (75
mM), were capable of extracting N-formyl peptide receptor from neutrophdl membranes 1n a form which remained
functionally active upon reconstitution into phosphohpd vesicles. Extracted proteins were reconstifuted into phosphati-
dylcholine vesicles by passage over a Sephadex G-50-80 column The reconstituted fr yy!peptide receptor coudd bind
[PHIFMLP (*H-labeled fMet-Leu-Phe) and |'Z1JFMLPL-SASD (' I-labeled N-formylmethionylleucylphenylalanyl-
N*(2-( p-azidosalicylamido)ethyl-1,3 -dithiopropronyl)lysine) wlule the endogenous G protein could bind [**S|GTPYS.
Furthermore, the functional interaction of the two proteins was preserved Addition of the nonhydrolyzable guanine
nucleotide, GTPyS, shifted the N-formyl peptide receptor from a high- to a low-affinity binding state for ligand. The
development of this in vitro reconstitution system should provide a basis to study the mechanism of mteraction of the
N-formyl peptrde receptor and the G protein.

Introduction acetylglicosaminadase {endo F) resulis in the removal
of two N-lnked obgosacchande chamns producing a

The N-formyl peptide receptor binds chemotachic protem of 33 kDa [4] The receptor has been shown to
peptudes secreted by foreign pathogens leading to di- possess a two-affimty bindmg state for higand whuch

rected mgratwon and stiaulabon of the mcrobiocidal appears to be modulated by a G protein (guanmne
functions of human leukocytes The receptor has been nucleotde binding protein) When the G proten 1s
partially purified and charactenzed [1-3] It 1s an 1n- associated with the recepior, a high-affimity state for the
tegral membrane glycoprotem of approximately 50-70 hgand exists Dissociation of the receptor-G protein
kDa Treatment of the receptor with endo-8-M- complex by guanine nucleotides induces the low-affimty

ndmg state [5,6]

P Many receptors are coupled with G protetns which
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act n ths signal transduction of hormane binding to the
ke AEN
;ifh;dd&': Celliech LTD, 216 Bath Road, Slough SLI4E tenor ¢f the cell (for recent reviews sec Refs 7-9; G
Abbr G guanue leotide binding regulatory pro- protemns are heterotnmers composed of a-, §-, and
e, GTPYS, g ine 5'-(y-thio)tnphospt NAD, nde y-subunmits The - and y-subunits are closely assocated
aden:ne dinucleotide, FMLP, N-formylmethionylleucylphenylal

and may participate n anchonng the subumt tc the
fMer Leu-Fhe, leot;l- iﬁgﬂ)&g-{l’lr?ﬁﬂ‘;::lmvlleuﬁph=nﬁ- plasma membrane The o-subumt 18 responsible for the
alam -2 p-an C - onylilysine,
NPan, N:m'sf" P40, C;L%PS, 3 _«g _cholm(};;mmfmmy]m heterogeneity amongst the vanous G protemns The neu-
momo,-1-propanesulfonate, DFP, dusopropyl fuorophosphate, trophul G protemns are involved wn the signal transduc-
PMSF, phenylmethylsulfonyl fuonde, CHES, 2 (N-cyclohexyl- tion process through which the N-formyl peptides
ammojethancsolfome acd, EDTA, sihylenshamneteiraaceuc acid, stimulate neutrophul furction §10] Interaction of chem-
Hepes, 4(2-hydroyethyl)-1-pperazncethaaesulforac acid SDS so- oattractant with N-formy! pepude receptors activate G

duum dodesyl sulfate protems which appear 10 activate phospholipase C
T dence ddress) JF Cupo, Mawmntech Inc, 763 [11,12] Hydrolysis of phosphatidyhnositol 4,5-bis-
Concord Avenue, Cambndge, MA 02138, U S.A phosphate (PIP;) results, yielding diacylglyeerol and
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nositol 1.4 5-tnsphosphate (IP,) Both products lead to
the activation of protemn kinase C [13]) Protein kinase C
i turn phosphorylates proteins which may elicit the
responscs charactenstic of neutrophil activation includ-
ing superoxide p.oduction and degranulabon The per-
tussis toxin-sensitive G proten which appears (o he
associated with the N-formyl peptide receptor has been
punfied and charactenzed [14,15] The a-subunit 15 40
kDa, 1t can be ADP-nbosylated by pertussis toxin, and
belongs to a famuly of mhibitory G pretem: (G Thes
subumt has heen suggested to be G,a, and has been
cloned from a differentiated HL-60 cell cDNA hbrary
f16,17] Recent reports demonsirate the exsience of
other ncutrophsl GTP-binding proteins with molecular
weights of 22000 to 26000 which are not apparently
assaciated with B- and/or y subumuts [18,19] These
proteins could potentially play a role in thc nentrophil
signa! trensduction process A 26 kDa GTP-binding
protein has been suggested to mnteract with the N-for-
myl peptde receptor [2G]

Previous work with the N-formyl peptide receptor
that had been covalently labeled has demanstrated the
abihity of a number of detcrgents 1o effectively extract
the receptor from nentrophil memnbranes [1-3,21] In
mos{ cases, detergent solubilization was accompamed
by the inachvation af the ahility of the receptor to bind
ligand While digitorun has been shown to extract and
preserve receptor 1 a form ahle to bind hgand, this
detergent has a number of disadvantages for further
punfication and reconstituton work It has been re-
ported for a number of types of receptors that the
presence of detergent can wnhubut ligand bindwg to the
solubilized receptor [22-24] Subsequent removal of de-
tergeni by reconstitulion 1nto appropriate phospholipid
vesicles systems can result i recovery of receptor bind-
mg activity Such a reconstitution approach has thus
proven extremely useful an punfication and study of the
receptors of the hormone-sensitive adenylate cyclase
syste: ~ for example [22-25] There have been few re-
ports mvolving rzconstitution of an active N-formyl
peptide receptor fanclion mto systems suitable for fur-
ther ivestigations Hoyle and Freer [26] reported the
recanstitution of a Momdet P-40 sclubilized and affsmity
purtfied receptor from HL-60 inta liposomes, but fmled
to charactenize their methods or the reconstituted recep-
tor 1n any detail A recent report from Wilhamson et al
[27] has descnibed the reconstitution of the CHAPS-
solubilized receptor from rabbit neutrophils 1n a func-
tzonal form

In order to develop a workable method for extrac-
tion, reconstitution, and study of the N-formyl pepude
receptor, we have taken the approach of eptumzing the
methodologies m order to obtan fully active receptor
Active receptor 15 defined as that form able rot only 10
bind the N-formylmetmonyl peptide higand with ap-
propriate affimty and specificity, but alse to wnteract

functionally with its GTP binding protein signal trans-
duction partner In this paper, we describe methods for
achieving thus goal and characterize the reconstituted
system in some detail

Materials

Phosphatdylcholine (1-palmitoyl-2-oleoyl) was pur-
chased from Avanti Polar Lip:ds Inc , Birnungham, AL
Cholesterol was ohtaned from Sigma (13C|Phosphat-
dylcholine, [**S]GTPyS, *P-labeled NAD, *H-labeled
FMLP, and [a-*P]GTP were obtained from New En-
gland Nuclear '*I-labeled FMLPL-SASD lgand was
prepared accordmg to Allen et al [28] The detergents
uced were octyl glucoside from Calbiochem, deoxycho-
late, cholate and NP40 from Sigma, digitomn from
Gallard-Schlesinger, and CHAPS from Pierce Low
molecular weight protein standards were from Bio-Rad
Labs Bordetella pertussis toxin was purchased from
List Biological Labs Inc Protemn assay reagenls were
obtained from Prerce Other chemuicals or reagents were
the best available grades

Methods

Preparation of neutropinl membranes

Human blood was obtained the day of the prepara-
tion from voluntary donors White blood cells were
1salated from whole blood as descnbed [29], and the
neutroplul content after 1solation was determined to be
approx 85-90% Punfied neutrophils were DFP-ireated
at a final concentration of 2 5 mM, then distupted by
nurogen cavitation at 4°C n the presence of additional
protemase wmhibitors, 2 mM PMSF and 20 pg/ml
chymostaun. The membrane fraction was 1selated by
differenial sedimentation through sucrose [30] Isclated
membranes were washed with 25 mM Hepes (pH 7 3),
025 M sucrose (HS buffer) and stored at —70°C ready
ior use

leceptor and G protein extraction from membranes
Membranes were mcubated for 30 nun on 1ce with 1
M NaCl m HS buffer, centnfuged at 100000 X g 1n a
Beckman Ti50 rotor for 45 mun at 4°C, washed once
with HS buffer, then resuspended at approx 5 mg/ml
0 the extraction buffer The sodmum chlonde treatment
removes approx 25-35% of the total protemn content
from the membranes withowt sigmficantly reducing
levels of [*HJFMLP binding Detergent extractions were
performed 1n a final buffer selution contamng 20 mM
Hepes (pH 735), 1 mM NaEDTA, 025 M sucrose, 1
mM DTT, 2 mM PMSF, 20 pg/ml chymostaan, and
250 mM NaCl The detergent was added last and in-
cubation was for one hour on 1ce Preqipitable matenal
was centrifuged at 100000 X g mn a Beckman Ti50 rotor
for 50 min The supernatant (detergent extracl) was



withdrawn and the remainang matenal was washed onwe
with HS buffer, recentnfuged, and checked for the
presence of remaming receptor by [PHIFMLP binding
The detergent extract does contain other membrane
protems besides the N-formyl peptide receptor and &
proteins However, these additional protemns do not
mterfere with the reconstitution or lgand binding

Phosphalipid-mucelie formation

Phosphatidylcholine (PC) and cholesterol, solutubzed
i ethanol, were combined to give a final concenitadun
upon aqueous resuspension of 105 mg/ml and 105
mg,/ml, respectively The orgamic solvent was evaporated
with mitrogen and the hpid was resuspended i buffer
contaung 25 mM Hepes (pit 75), 1 mM NaEDTA,
250 mM NaCl, 2 mM MgCl, vath detergent added at a
concentration equal to that used for the receptor extrac-
tion from the membrane The mucelles were incubated
at room temperature for 30 muin and stored on ice untl
use

Phospholipid vesicle generation

The detergent extract was added drop-wise to the
preformed phosphohpid micelies at a iprd / protetn ratio
of approx 5 1 {w/w), and irenbated on ice for 30 mun
The muxture was chromatographed over a Sephadex
G-50-80 column, 0 8 em X 21 cm [31] The voud volume,
predetermined wath Blue dextran, and the first fraction
following the voud volume were collected and centn-
fuged separately at 100000 X g 1 a Ti50 cotor for 3 h
to concentrate the umilamellar vesicles The vesicles
were tesuspended in the detergent extraction buffer
wathout the detergent

Receptor binding and G protein assays

Membranes or vesicles were added to a buffer solu-
uon contaymung a final concentration of 200 mM sodum
phosphate (pH 6 8), 2 mM MgCl,, and 8 9 mM CaCl,
(32] The binding activity of the receptor was assayed at
a saturating concentrauocn of 120 nM [PH]FMLP (1 33
10°cpm /pmal) The samples, assayed m duplicate, were
necubated at room temperaiure for 40 nun Nonspectilic
samples had a 1000-fold excess of unlabeled FMLP
bzand added The semsitivity of binding to guamine
nuclectide was assayed simlarly, but in the presence of
5-10° M GTPyS. Samples were filtered over Millipore
GF /B glass filters and washed four tmes with 2 ml of
celd 25 mM KH,PO, (pH 6 3), 1 mM NaEDTA, 100
mM KCJ, and 2 mM MgCl, Whatman GF/F filters
were also tested and gave the same results as the What-
man GF/B, daia not shown The fiters were dned and
counted n a bgud scintllation counter Binding of
["*1JFMLPL-SASD was performed at 5 oM for 30 mun
on ice, and subsequently exposed to an ultravioler light
source to covalently crosshnk the hgand {28] The buffer
used for thus hgand Winding was changed to 200 mM
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CHES {(pH 90), 2 mM MgC},, and 09 mM CaCl,
SDS-polyacrylarmde gel electrophoresis [23] of this re-
ceptar-ligand complex in membranes and vesicles was
used to visually detect and quanufy the presence of the
receptor after autoradiopraphy

The binding of [ *SIGTPyS was assayed as described
previously [34] ADP-nbosylation was performed with
pertussis toun and [ PJNAD according to Bokoch et
al [35] Deteution of the low-molecular-weight G pro-
temns by the binding of {e- P]JGTP was buased on Bhul-
lar and Hasglam (36} Two changes ~eg made m W
procedure The specific actmity of the [a-2P]JGTP usei
was reduced to 800 Ci/mmo} and the proten filteis
were preblocked with 1% dry mlk Western blotting
was pertormed essentially as desunibed by Towbm et at
[37) Anubody R16, 17 was utilized at a final diluuon of
1 200, the charactenzation of this G,a-subumt anti-
body 1s descnbed in Ref 38

Electron microscopy
Vesicles were negatively stamned with uranyl formate
and viewed under an electron microscope to achieve an

approramation of their size and detect thewr unlameilar
nature [39)

Results

Detergent extracnion of N-formyl peptide receptor
Detergent extracuons of nentroplul membranes were
performed using a concentration of delergent shghtly
above the cninical mucelle concentration, in order o
minmmize the use of unnecessanily hugh detergent con-
centranons which may potentially denature the mem-
brane proteins dunng the extraction [40] Several daffer-
ent detergent concenirations were mmvestgated until a
maximum amount of receptor was exwracted, as de-
termuined by [*HJFMLP binding 10 the post-extraction
pellet The optimum detergent concentrations for van-
ous detergentls were determuned and are hsted in Table
1 There 1s a difficulty inherent m the ahove determina-
wons The [*H]JFMLP may not bnd to receptor sl
present o the membrane wihich has been denatured or
‘masked’ by exposure to detergent Tius can result in an
overestimation of the percentage of actual receptor ex-
tracted This problem was addressed by using
["SHFMLPL-SASD to label membranes prior 1o extrac-
tion The autoradiograms of the detergent exiracted
receptor (supernatants) and nonextracted receptor (pel-
lets) are shown 1mm Fig ¥ The autoradiograms clearly
illustrate deoxycholate and octy] glucosde as the deter-
gents which extract the maximum amount of receptor
This 15 indicated by the large amount of covalemtly
labeled receptor detected 1n the supematant, lanes 28
and 68, with muumum amounts of receplor remamng
m the pellet, lanes 2P and 6P Quantitanon of all lanes
by laser scanming densitometry allowed the determna-
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ton of the percentage of delergent-extracted receptors
Listed 1n lable 1 Only deoxycholate and octyl glucoside
extracted the same amount of receptor when assessed
by both binding methods The remamng detergents
show sigmficant discrepancies between the two tech-
mques This resuit suggests that these latter detergents
etther cause denaluration of N-formyl peptide receptor
within the membrane or are able 1o prevent binding of
ligand io the remaiming membrane associated receptor
and may therefore be less suitable for obtawung acuve
receplor

The percentage of G protemn extracted by the vanous
detergents 1s also listed in Table I Deoxycholate and
octyl glucoside exiracts contain the greatest amount of
G protein  Although cholate and CHAPS also have a
comparable amount of G protemn 1n the extract, they are
less effective 1n extracting receptor

Receptor incorporation mito phospholpid vesicles

The vesicle generation process assessed using de-
oxycholate-extracted receptor, prelabeled with
[“*IJFMLPL-SASD, 1s shown wm Fig 2. The mual
membranes, lane 1, show the presence of the N-formyl
peptide receptor which mmgrates on the SDS-poly-
acrylamde gel with an apparent molecular mass of
50-7" kDa The 1 M NaCl wash of the membranes,
lanes 3, 4, shows no signficant loss of the receplor by
s procedure The HS buffer ninses, lanes 5 and 7, also
show an absence of receptor Most of the receptor from
lane 4 was extracted by deoxycholate as seen 1n lane 6
The receptor remaining 1 the peliet after deoxycholate
exnaenon, lane 8, contams approx 10-times the amount
of gel loaded proten as lane 6, yet an almost equal
band niensity Quaniitation by laser scanmng
densitometry indicates that approx 12% of receptor
remains 10 the pellet and thus, 88% of the receptor 1s
extracted from *he membranes mn this expenment, The
extract was subsequently combined with PC mucelles,
lane 9, and chromatographed on a Sephadex G-30

TABLE 1

Percentage of N-formplpeplide receptor and G protewn exiracied from
neutroph! membranes

100% represenis what 15 imually present in the starting membranes lor
hoth proteins

Detergent Percentage extracted
PH- 1 (8-
FMLF FMLPFL GTPyS

1 Deoxycholawe T5mM 9 93 89

2 Ociyl glucoside 35 mM 96 94 T

3 NP 4D 30omM 90 79 48

4 Cholate 20 mM 60 51 9

5 Digatorun 10% 80 a6 45

& Dhgitomin 05% % 30 25

7 CHAFS 15 mM 15 24 71

16 25 35 A8 65 6S 7S M

Fig 1 Detergent extractons of neutroptul membianes lakeled with
['**1JFMLPL-SASD, as descnbed i Methods (1) choiate, 20 mM, (2)
deanycholate, 75 mM, (3) digitonm 10% (4) NP4G 30 mM (5)
CHAFS, 15 mM, (6) actyl glucoside, 35 mM, and (7) digiionur, 0 3%
Supernatants ($) and peilels {P) are shown on sepurate 11% SD3-poly-
acrylanude gels wath starting membranes (M) The N-formyl peptude
receptor and 1ty photoaffuuty Ligand are detected as the broao radw-
labeled hand betweasn 50000 and 70000 [28]

column Radiwoactive counts were recovered mn the vord
valume, (F;), the two sueceedng fractions aiter the ¥,
as well as 1n the elution volume, (the third and subse-
quent fractions after the F5) The elution volume, lanes
10 and 11, show the absence of receptor and represent
free igand The F;, lane 12, shows the reconstituted
recepior, which elutes with the phosphohipid and GTP
binding protemn The ficst detectable loss 1 the recon-
stitution process occurs here, with approx 50% of the
imtial receptor not being recovered after passage over
the column, although the coluran s preblocked with
bovine serum alburmn and ¢luted with 250 mM NaCl m
the bufier Lanes 13 and 14 contawn the two succeeding
fractions afier the V,, respectively, and dlustrate the
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Fig 2 The steps in phospholipid veucle production vere assessed by
tollowing ['3*TJFMLP] -SASD covalently labeled tcceptor in the stari-
1ng membrarks, as desi nbed i Methods Approx 17 pg of membrane
protein, based on starting membrane protein con entmtion 1s loaded
per lane An 11% SD%polyacrylarmde gel was used Lanes (1) imtial
membranes after —7)°C thaw and labelimg, (2) supematant after
mtial membrane ceninfugation 1o pehet (3) supernatant after 1 M
MaCll wash, {4) membranes after 1 M NaCl wash (5) supernatant
after HS buffer nnse, (5) deoxycholate detergent extraction (75 mM}
of membranes, (7) supernatant of HS buffer pellet nnse after deter-
gent extrection, (B) pellel remaimng after detergent extraction {15} ug
protemn loaded mstead of 17 ug), (9) detergent exisact plus PC micelle
sample lcaded on a Sephadex G-50-80 col , (10 and 11} elunon
valume fractions third and subsequent fracuons after the vend volume,
contanmg non-covalently attached [***1JFMLPL-SASD couns, (12)
voud volume contamming vesicles, (13 and 14) hest and second fracnons
after the vond volume, {15) void volume centnfuged to concunirate
vesicles, (16) frst and second fracuons after the void volume com-
buned and centnfuged

absence of receptor. Lastly, after centnfugatuon to con-
centrate the vesicles, mimumal loss of receptor 1s seen for
V5, lane 15 (80-85% recovery of phosphohpid, as de-
terrmuned with [*Hiphosphatidylcholine (not shown)),

35

and still no detectable receptor 15 present in the two
fractions following F, line 16

Comparison of various detergents for reconstuution of
achwe receplor

The cfficacy ot other detergents for reconstitution
mto phosphohpd vesicles were further investigated
based on the data derved from Table | Octyl glucoside
CHAPS, and WP40 were compared to deoxycholate
The CHAPS and MP40 cxtracts produced no detectable
reconstitution based on [*H]JFMLP hgand binding, Both
deoxycholate and octyl glucoside did allow reconstitu-
tion of active N-formyl peptide receptor which bound
[H]JFMLP The octy] glucos:de at 35 mM produces the
highest degree of receptur reconsttution ranging from
10 to 30% of the imtial receptor with a typical value of
approx 22% Deoxycholate at 75 mM was not as
effective n allowing receptor reconstitution, with only
4-8% of the receptor reconstituted and a 7% typical
vatue Wonspecific ["HJFMLP binding in beth deter-
gents was approx 5-10% of total bindmg and was
subtracted from total bindmg to detenmin: the percent
of reconstitution

The percentage of deoxycholate-extracted receptor
and octyl glucoside-extracted receptor reconstituted o

DEOXYCHOLATE
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Fig. 3 Deoxycholate extracuon of the N-formyl pephde receptor
from neutrophl branes and recc mto phospholipid
vesicless Prior (o electrophoress, ['*1}FMLPL SASD} was covalently
bound to all samples, as descnbed in Methods Samples are (1) ¥
fraction, {2) ¥, fraction, (3) phospholpid aucclies and (4) mem-
branes T represenis total binding and N represents nenspecific
binding Approx 10 gp of protein are loaded per lane on an 11%
SDS-polyacrylamde gel
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OCTYLGLUCOSIDE

21-

Fig 4 Octyl glucoside extracuon of the N-formyl peptde receptor
‘rom neutroplul membranes and reconstitution mto phospholipid
vesicles Methods and samples are as deseribed for Fig. 3

phosphohpid vesicles was also assessed using
['Z*IJFMLPE-SASD and shown m Figs 3 and 4 The
recepior can be clzarly visnalhized [or both detergents,
lanes 1T and 4T, cemonstrating mcorporation of radio-
label mio vesicles and membranes, respecuively The
first fraction after the void volume, lane 2T, and phos-
pholipid mucelles 1lone, lane 3T, have no detectable
receptor A 66 kDo nonspecific binding protein 1s pre-
sent 1 lanes 1 and 4 This could be bovine serum
albumin, which can bind ["*IJFMLPL-SASD and 15
utthzed 1n vanous methods descnibed here In addition,
lane 4 contams a 24 kDa protem which may represent a
depradation product of the receptor [41] An anomalous
increase of [P*IJFMLPL-SASD binding 1n the presence
of unlabeled hgand can also be seen for tius protemn.
Quantitation of the regeptor by laser scanming com-
pared the amount of active receptor reconstituted mto
the vesicles to the imtial amount present in the mem-
brane Swmular 1o the [*H]FMLP data, this amount was
less for deoxycholate than for octyl glucoside For de-
oxycholate 6 9% of the receptor was reconstituted by
assay with [P*IJFMLPL-SASD and 70% with
[PHIFMLP On the other hand, for octyl glucoside the
['*JFMLPL-SASD detected 18% reconsttuted recep-
tor compared 1o 31% for ["HJFMLP The two assay
techmques thus demonstrated that the N-formyl peptide
receptor can be reconstituted with retention of hgand
omding activity o vesicles usitng both detergents
Furthermore, the efficacy of octyl glucoside 15 approx
3-fold that of deoxycholate

Physical properties of the phospholipid vesicle system

The structure of the phospholipid vesicles formed
upon reconstitution of deoxycholate- and occtyl gluco-
side-extracts was mvestigated by electron mucroscopy
Fig 5 shows that the vesicles formed from both deter-
gent extracts are umlamellar 1n nature which 1s evident
by the bnight ning around a dark intenior The electron
mucrographs alse mdicate that the vesicles generated are
not sealed These vescles should allow access of the
ligand to receptors which may be potentially facing the
mside rather than the extenior Consequently, alt actuve
receptor present can be detected This was confirmed by
performing binding assays on vesicles which had been
permeabihzed with 0005% digitorun, levels of receptor
detected were smmular to those found 1n untreated
vesicles The approximate sizes of the vesicles were
measured from other micrographs not shown here De-
oxycholate vesicles were larger than cctyl glucoside
vesteles having a range of 120 A to 3000 A compared to
380 A t0 1200 A Average values of approxumately 1100
A for deoxychalate and 600 A for octyl glucoside were
determaned Ths size estimate raised the possibility that
the smaller vesicles nmight pass through the meshwork-
type pores of the Millipore glass fiber filters used in the
[PHIFMLP Winding assay, resulting 1n an underesiima-
tion of the actual binding To examune this possibiity,
vesicles were produced with {*Clphosphandylcholine
Filtration of the labeled vesicles allowed the passage of
onky 15-20% of vesicles through the fiters Thus, a
muinimal amount of the vesicles escape detection

Presence of GTP binding protemns in reconstituted vesicles

The presence of G proteins in the reconstituted phos-
pholipid vesicles was determmed by several metheds
Fig 6 shows that the vesicles contam a B pertussis
toxm substrate which has . molecular mass of 40 kDa
sumlar to that found in the membranes This 40 kDa G
protemn a-subumil was also detected by antibody R16,
17 which reacts with *G,” a-subumts, as sllustrated 1n
the Western blot, Fig 7 Thus protemn 1s likely to repre-
sent the major B perrussis toxin substrate (G) of
nevtropluls, which 18 thought to interact with the N-for-
myl peptide receptor [14,15,38] The presence of G, n
the vestcles further 15 venfied by the effect of GTPyS
Addition of GTPYS to the [?HJFMLP binding assay
produces a large decrease in the hgand binding, For
mstance, the percentage of reconstiated [*HJFMLP
binding receptor by deoxycholate extraction was 8%
This was decreased to © 3% 1n the presence of GTPyS
Sumslarly, for the octyl glucoside-extract [*HIFMLP
binding of the reconsutuled receptor was 31% which
was decreased to 0 8% 1n the presence of GTPyS Thus,
resembling the effect in the membranes, GTPYS uncou-
ples the G protemn from the receptor shifting 1t to a
low-affmity binding state for higand
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Fig. 5 Electron mucrographs ol' hatidylchol ]!

d wath uranyl formate (A) Vesles prepared with deoxycholaie

extracts (7 5 mM) of neulrop‘ml membranes and (B) mcles prepared wath octyl glucoside extracts (35 mM)

In addinon to G, low-molecular-weight GTP bind-
g protems were detected mn reconsututed vesicle pre-
parations prepared using octyl pluicoside- or de-
oxyycholate-extracted membranes Fig. 8 shows the
presence of a Ja-"2P]{GTP-labeled doublet consisting of
the 24 kDa and the 26 kDa protens as previously
reporied (18]

Functional mreraction of receptor with G protem(s) in the
reconstituted system

A binding analysis of the N-formyl pepude receptor
m vesicles and membranes, Fig 9, was performed to
further characterize the properties of the reconstituted
receptor The binding tsotherms indicate that the recep-
tor has similar equlibrium dissociation constants i the
native membrane (K, = 2 nM) and 1n the recenstituted
vesicle (K =10 nM) The decreased binding affimity of

the receptor recoastiiuied 1ale the vesicles 1s posably a
result of exposure of the receptor to detergent and
removal from the membrane emvaironment 1o an artifi-
cial phospholipid brlayer

It 15 probable that the binding we measure represents
the lgh-affinity ligand-receptor-G protein ternary com-
plex since we are unhkely 1o detect the low-affimty state
of the receptor represenung the form uncoupled from
the G protem wath the filtration assay uuhzed [5,6,10]
Thss 15 wdicated by the ability of GTPYS to mhibit
assayable [*HJFMLP bmdmg to the reconstiuted
receptor The specific biding of [*HJFMLP assayed 1n
deoxycholate-extracted receptor reconstituied vesicles
was reduced by 96%, and that i octyl glucostde recon-
stituted vesicles by 97% n the presence of 5 107 M
GTPyS Ths reduction mn binding was speafic for
guamne nuclecude Thus, as m membranes, the recon-
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Fig 6 ADP-nbosylauon of phospholipid vesicles from several differ-
eml reconsttukions nsng 7 5 mM deoxycholate-extracted membranes
(Lanes 1-4) a1 20 pg membrane prolem per lane, and neutrophul
membranes (Lane 5) at 2 gg mn the presence of B pertussis toan The
SDS-polyacrylamde gel was 11%

stituted receptor 1s able to funcuionally interact with G
protemn to form the high-affimty, guanine nuclectide
sensitive ternary complex

Discussion

We have developed a method for extracuon and
reconstitution of functional N-formyl peptide receplor

3456
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Fig 7 Western blot of neutrcplul membranes at 10 pg (2}, phos-

pholipid vesickes generated from a deoxycholaie extract at approx 32

g and 26 pg. respeclively (3 and 5), and octyl glucoside cxtract at

approx 32 pg and 36 ug, respectively (4 and ), and punfied bovine

brain G, (7) at approx 1 ug Protemn standards (1 and §) are marked
on the gel An 11% SDS-polyacrylamude gel was used

Fig 8 Autoradiogram showing the presence of low molecular G

protewns in newtrophsd membranes (1), vesicles prepared wath 75 mM

deoxycholate-cxtraets (2), and vesicles prepared with 35 mM octyl

glucoside-cxtracts (3} A 15% SDS-polyzcrylamide gel was loaded with

approx 15 ug membrane protem in lane 1, and 3G pg of protemn 1n

lanes 2 and 3 The gel was Western bloted and probed with [o-"P]-
GTP

mto unilamellar phosphohpid vesicles We have utilized
the entera of mantaining both hgand binding capabil-
ity of appropnate affmuty, as well as ability to interact
with endogenous GTP binding protein(s) as indices of
receptor mntegnly Utilizing both functional assays and

a0
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Bound FMLP [pmale/mal

ri O

I A
20 40 B0 @80 00 120 1-Iw 180
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Fig 9 Binding of [*HIFMLP (o the N-formyl pepude receptor 1n
neutropiul membranes, {lotal, B, and nonspecific, ), and 1n octyl
glyoside extract reconstituted phospholipid vesicles, (total, #, und
nonspeaific O}




methods to physically detect receptor and G proten, we
have verified the presence of these components
throughout the reconstiivtion procedure and have
determuned recoveries of receptor at each step

While a number of detergents were tested for thar
ability to extract receptor and allow recovery of recep-
tor function upon reconstitution, only deoxycholate and
octyl glucoside proved reasonably effective Willlamson
et al [27] have solubihzed and reconstituted the recep-
tor from rabbit neutrophils using 1% (15 mM) CHAPS,
although receptor recovery was not reported As shown,
we had lttte success with this detergent on the extrac-
tion and reconstitution of the N-formyl peptide recep-
tor from human neutrophls The rabbit receptor was
present at 20 pmol/mg of membrane protemn while for
the human receptor we measured a concentration of the
order of 3-4 pmol/mg of membrane proten Polen-
tially, the lugher concentration of receptor ailows for its
stabilization and reconstitution from the rabbit neu-
trophils [n addition, Marasco et al [2] have extracted
the N-formyl peptide receptor from rabbit neutrophils
using 10 mM CHAPS They report only a 30-70%
solubilization of the mmbal receptor present comparable
to our value of 24% for 15 mM CHAPS In this study,
octyl glucoside gave optimal results, allowing the recon-
stitution of approximately 3-fold more active receptor
than did deoxycholate Use of cctyl glucoside allowed a
recovery in the range of 10% ‘o 30% of the receptor
intiially present in the neutrophil membranes m the
final vesicle preparation, as assessed both by [*HIFMLP
binding and [***IJFMLPL-SASD labeling. Correction
for receptor losses during vesicle concentration and
during filtrabon assays would ncrease the actual re-
covenries by 20 to 40% Thus correction for octyl gluco-
side extraction produces a receptor recovery range of
12% to 42% wrth a typical value of 31% This compares
with recovenes of 30 10 80% reported for vartous other
receptors reconstituted from crude extracts with com-
parable methadologies [22,24,42]

The majonty of the receptor loss appeared to occur
dunng the gel filtration step ubthzed for phospholhpid
vesicle formanon Approxumately a 50% loss of apphed
receptor occurred dunng this procedure, even though
the columns were preeqmilibrated wath 1% bovine serum
albumin 4nd eluted m e presence of 250 mM NaCl
‘While this loss may be largely due to nonspecific bind-
ing of receptor to a Sephadex column, it may addimon-
ally represent loss or 1nactivation of recgptor dunng the
detergent removal-vesicle formauon process In ad-
dition, uncoupling of receptor from G protetn may
occur during the reconstitation process This would
permit incorporation of the receptor nto phospholipid
vesicles not contaming G protein, causing an uader-
estmation of the amount of actual receptor recovered
after reconshilution, as assessed by [PH|FMLP binding
assay
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The reconstituled ~-formyl peptide receptor retains
binding affinity comparable to that of the native recep-
tor It also shows the ability 1o functionally interact
with G proteins present in the vesicles It 1s not clear at
this tme wheth=r this R-G coupling actually occurs
subsequent to reconstitution mnto the vesicles or whether
the R-G complexes preformed 1n the native membranes
are maintamed throughout the reconsttution procedure
However, the probability of a vesicle contaiming both
the N-formyl-pepude recepror and G protemn. of these
proteins were not coupled throughout the econstitu-
tton would he 1 in every 250 vesicles for deoxycholate
and 1 1n every 600 vesicles for octyl glucoside These
low probabilities would not predict the percentage re-
constitution determuned with the [PHJFMLP binding
assay The calculations are based on the concentratnon
of N-formyl peptide receptor and G protein determined
in the detergent extract which can be reconstituted, i
addition to the amouni of phosphohpid used and the
vesicle size determuned by electron macroscopy [43) We
have also awsumed that there are no interacuons be-
tween the G protewt or the N-formyl peptide receptor
which may he located in duiferent phosphohipid vesicles

In summary, an 1n vitro reconstitution system has
been developed which will allow the study of the N-for-
iyl peptide receptor and G proteins Reconstiution of
vanous subumts of the endogenous G proteins i ad-
dition to other G proteins will provide mught into G
protemn-N-formyl peptide receptor interactions In ad-
aitton, future reconstitubions of receptor, G protens,
phospholipase C or other effectors will permui biochem-
1cal analysis of the materactions of these substituents and
their role in the overall process of neutrophil stimula-
tion
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